Instrumentation 20
Individual particles are introduced into SPAMS through a critical orifice. They are 21 focused and accelerated to specific velocities, which are determined by two continuous 22 diode Nd:YAG laser beams (532 nm). Based on the measured velocities, a pulsed laser 23 (266 nm) downstream is trigger to desorp/ionize the particles. The produced positive and 24 negative molecular fragments are recorded. In summary, a velocity, a detection moment, 25
and an ion mass spectrum are recorded for each ionized particle, while there is no mass 26 spectrum for not ionized particles. The velocity could be converted to dva based on a 27 calibration using polystyrene latex spheres (PSL, Duke Scientific Corp., Palo Alto) with 28 predefined sizes. It is noted that pure ammonium sulfate is difficult to be ionized under 266 29 nm UV laser used in the SPAMS, although this may not be the case since we focused on 30 the NOCs-containing particles. 31
The concentrations of NOx, and O3 were measured by Model 42i (NO-NO2-NOx) 32
Analyzer, and Model 49i O3 Analyzer (Thermo Fisher Scientific Inc.), respectively. The 33 concentrations of PM2.5 were continuously measured using a tapered element oscillating 34 microbalance (TEOM 1405, Thermo Fisher Scientific Inc.), respectively. 35
36
Positive matrix factorization 37 PMF is a multivariate receptor model used to determine source factors, and it has 38 been used extensively with temporal variation data. In order to complement single 39 particle data analysis, we used USEPA PMF 5.0 (Norris et al., 2009 ) to group chemical 40 markers from all the detected particles. In such analysis, RPAs for ion markers were 41 2 typically used as input in the PMF model. An uncertainty of 50% in RPA was used due to 42 the shot-to-shot fluctuations of desorption laser and complex particle matrix (Zauscher et 43 al., 2013) . PMF solutions with 2 − 5 factors were tested and showed convergence results. The 50 relevant Q values and Qrobust / Qtheory for these solutions are shown in Table S3 . In these 51 solutions explored Qrobust / Qtheory < 1, although it is recommended that Qrobust≈ Qtheory. 52
The 3-factor solution was chosen as the best because the measured versus predicted RPA 53 of more relevant chemical species (i.e., NOCs, the oxidized organics and ammonium) in 54 the PMF model had strong correlations (R 2 = 0.56−0.95), and also has the most 55 physically meaningful factors. The residuals of this solution were between -2 and 2. In 56 the 4 and 5-factor solution, with slightly stronger R 2 values than the 3-factor solution for 57 NOCs and ammonium, but had two similar oxalate factors or an additional methylglyoxal 58 factor, respectively, which seemed less physically meaningful. Bootstrapping on the 3-59 factor solution shows stable results, with > 90 out of 100 bootstrap factors mapped with 60 those in the based run. Fpeak value from −0.5 to 0.5 was examined, and an examination 61 of Q values showed the application of Fpeak of 0 giving the best result. During summer, the hourly detected number of NOCs showed a limited dependence 79 on ammonium (Fig. 3d ). As shown in Fig. S4 , the detected number of ammonium is 80 obviously lower than NOCs. In contrast, there were prevalent oxidized organics that were 81 associated with NOCs. Due to the volatility of ammonium nitrate, there is less particulate 82 ammonium in summer. Higher level of NH3 during summer (Pan et al., 2018) may have 83 potential influence on the formation of NOCs. Less dependence of NOCs on ammonium 84 could be due to the more predominant formation of secondary NOCs through the uptake 85 of NH3 and the following interactions with secondary oxidized organics. As shown by 86
Nguyen et al. (Nguyen et al., 2012) , ammonia is more efficient for the formation of NOCs 87 in this pathway than ammonium. As also supported with PMF results shown in Fig. 5 , the 88 oxidized organics factor dominant contributed to the predicted NOCs during warmer 89 seasons. Limited ammonium in this factor may also indicate that abundance of oxidized 90 organics during warmer season consumed the available ammonium. As discussed, such 91 chemistry would even lead to a reduction in the concentrations of NH3 and NH + 4 through a 92 model simulation (Zhu et al., 2018) . However, NOCs showed a limited dependent on the 93 oxidized organics during spring ( Fig. 3a and 3b) . Consistently, the lowest fraction of NOCs 94 that contained the oxidized organics was observed (Fig. S4) , and ammonium factor 95 explained ~80% of the predicted NOCs (Fig. 5 ) during spring. It is likely attributed to the 96 higher conversion of oxidized organics to the observed NOCs in humid air during spring 97 ( Fig. 6 and Table S1 ). In addition, possible reasons might also include more primary NOCs 98 and unidentified oxidized organics. 
